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Aluminium chloride (AlCl₃) induces neurotoxicity primarily through oxidative stress, leading to 

cerebellar damage and motor dysfunction. This study evaluated the comparative neuroprotective effects 

of ethanolic leaf extract of Newbouldia laevis (NLE) and tocopherol against AlCl₃-induced cerebellar 

cortical damage in Wistar rats. Forty-eight male Wistar rats were divided into six groups (n=8): control, 

AlCl₃ (100 mg/kg/day, oral, 28 days), AlCl₃ + NLE (200 mg/kg), AlCl₃ + NLE (400 mg/kg), AlCl₃ + 

tocopherol (100 mg/kg), and AlCl₃ + NLE (200 mg/kg) + tocopherol (100 mg/kg). Behavioral 

assessments (open field and rotarod tests), biochemical analyses (MDA, SOD, CAT, GSH), histological 

examination (H&E staining) and immunohistochemistry (GFAP and caspase-3) were performed. AlCl₃ 

significantly increased oxidative stress markers, impaired motor coordination, induced Purkinje cell 

loss, astrogliosis, and apoptosis. NLE and tocopherol treatments attenuated these effects, with dose-

dependent improvements observed for NLE and synergistic benefits in the combination group. These 

findings suggest that N. laevis leaf extract offers comparable or superior neuroprotection to tocopherol, 

potentially through multifaceted antioxidant and anti-apoptotic mechanisms. 

Abbreviations: AlCl₃, aluminium chloride; CAT, catalase; GSH, reduced glutathione; MDA, 

malondialdehyde; NLE, Newbouldia laevis ethanolic leaf extract; SOD, superoxide dismutase. 

OBJECTIVE: To investigate the neuroprotective properties of Newbouldia laevis and Tocopherol in 

AlCl₃-Induced Cerebellar Damage 

Keywords: Newbouldia laevis, Tocopherol, Aluminium chloride, Cerebellar cortex, Neuroprotection, 

Oxidative stress, Wistar rats. 
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1. INTRODUCTION 

Aluminium (Al) is a ubiquitous environmental 

metal with no known physiological function in 

humans. Chronic exposure to Aluminium and its 

compounds has been strongly associated with 

neurodegenerative processes, including 

cognitive impairment, motor dysfunction and 

neuropathological changes reminiscent of 

Alzheimer’s disease and other 

neurodegenerative disorders (Exley, 2013; 

Kumar & Gill, 2014; Ribes et al., 2021). 

Aluminium chloride (AlCl₃) is commonly 

employed in experimental models due to its 

ability to cross the blood–brain barrier and 

induce oxidative stress, mitochondrial 

dysfunction, neuroinflammation and neuronal 

apoptosis (Kumar et al., 2009; Singla & Dhawan, 

2020). 

The cerebellum plays a crucial role in motor 

coordination, posture and balance, and its 

Purkinje neurons are highly susceptible to 

oxidative and excitotoxic insults. Aluminium 

exposure has been shown to cause Purkinje cell 

loss, astrogliosis, vacuolation of the molecular 

layer, and impaired motor performance in 

rodents (Nedzvetsky et al., 2006; Rajendran et 

al., 2023). Oxidative stress remains a central 

mechanism of aluminium neurotoxicity, 

characterized by excessive reactive oxygen 

species (ROS) generation, lipid peroxidation, 

and depletion of endogenous antioxidant 

defenses (Kumar & Gill, 2014; Majumdar et al., 

2014). 

Natural products with antioxidant and anti-

inflammatory properties have gained attention as 

potential neuroprotective agents against 

aluminium-induced neurotoxicity (Ogundipe et 

al., 2024). Newbouldia laevis (Bignoniaceae), 

commonly known as the “boundary tree,” is 

widely used in Nigerian ethnomedicine for the 

management of neurological, inflammatory, and 

metabolic disorders (Eyong et al., 2013; Usman 

et al., 2015). Phytochemical analyses reveal that 

N. laevis leaves are rich in flavonoids such as 

apigenin and quercetin, as well as phenolic 

compounds with potent antioxidant, anxiolytic, 

anticonvulsant, and neuroprotective activities 

(Azubuike et al., 2019; Azubuike et al., 2021; 

Oloyede et al., 2017). 

Tocopherol (vitamin E), a lipid-soluble 

antioxidant, protects neuronal membranes from 

oxidative damage by scavenging free radicals 

and inhibiting lipid peroxidation. Several studies 

have demonstrated its protective role against 

aluminium-induced neurotoxicity in different 

brain regions (Nedzvetsky et al., 2006; Albrahim 

et al., 2023; Sharma et al., 2024). However, 

direct comparative studies evaluating plant-

based antioxidants and vitamin E, particularly in 

the cerebellum, remain limited. 

Therefore, this study aimed to comparatively 

assess the neuroprotective efficacy of ethanolic 

leaf extract of Newbouldia laevis and tocopherol, 

alone and in combination, against AlCl₃-induced 

cerebellar cortical damage in Wistar rats. 

 

2. MATERIALS AND METHODS 

2.1. Plant material and extraction 

Fresh leaves of Newbouldia laevis were 

collected from Ihiagwa, Imo, State Nigeria, and 

authenticated by a plant taxonomist, with a 

voucher specimen deposited in the University 

Herbarium. The leaves were air-dried, blended 

and extracted by cold maceration using 70% 

ethanol. The extract was filtered, concentrated, 

and dried to yield 15.2% w/w. 

 

2.2. Animal and experimental design 

Forty- five adult male Wistar rats (150–200 g) 

were used. Animals were housed under standard 

laboratory conditions with free access to food 

and water. Rats were randomly assigned to five 

experimental groups as previously described. 

AlCl₃ was administered orally at 100 mg/kg/day 

for 28 days, a dose shown to reliably induce 

neurotoxicity (Akinyemi et al., 2015; Singhal et 

al., 2015). All experimental procedures complied 

with institutional ethical guidelines. 

Group 1: Control (distilled water) 

Group 2: AlCl₃ (100 mg/kg/day, oral) 

Group 3: AlCl₃ + NLE (200 mg/kg) 
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Group 4: AlCl₃ + NLE (400 mg/kg) 

Group 5: AlCl₃ + tocopherol (100 mg/kg) 

 

2.3. Behavioral assessments 

Motor activity was evaluated using the open field 

test (line crossings, rearing, grooming) and 

rotarod test (latency to fall) on day 21. These 

paradigms are sensitive indicators of cerebellar 

dysfunction and aluminium-induced motor 

deficits (Godam et al., 2024). 

 

 2.4. Biochemical analysis 

Cerebellar tissues were homogenized and 

analyzed for oxidative stress markers. MDA 

levels were quantified as an index of lipid 

peroxidation, while SOD, CAT and GSH 

activities reflected endogenous antioxidant 

status (Majumdar et al., 2014; Oliveira et al., 

2018). 

 

2.5. Histopathology and 

immunohistochemistry 

Cerebella were fixed in 10% formalin, paraffin-

embedded, sectioned (5 μm), and stained with 

H&E for morphology examination. 

Immunohistochemistry was performed for 

GFAP (astrogliosis) and cleaved caspase-3 

(apoptosis) using standard protocols with semi-

quantitative scoring. (Ribes et al., 2021; 

Rajendran et al., 2023). 

 

2.6. Statistical analysis 

Data are presented as mean ± standard deviation 

(SD). One-way analysis of variance (ANOVA) 

followed by Tukey's post-hoc test was used (p < 

0.05 significant). 

 

3. RESULTS 

3.1. Behavioral findings 

AlCl₃-treated rats exhibited significant 

reductions in locomotor activity and motor 

coordination, consistent with cerebellar 

dysfunction (Nedzvetsky et al., 2006). NLE 

treatment produced dose-dependent 

improvements, with the 400 mg/kg dose and 

combination therapy resoring performance to 

near-control levels.

 

 

Table 1. Effects on open field test and rotarod performance 

Group Control   AlCl₃ AlCl₃ + NLE 

200 (mg) 

AlCl₃ + NLE 

400(mg) 

AlCl₃ + Vit E AlCl₃ + NLE 

200 + Vit E 

Line 

Crossings 

85 ± 7 45 ± 5* 65 ± 6# 78 ± 6# 70 ± 5# 82 ± 7# 

Rearing 28 ± 3 12 ± 2* 18 ± 2# 25 ± 3# 20 ± 3# 26 ± 3# 

Grooming 15 ± 2 8 ± 1* 12 ± 2# 14 ± 2# 13 ± 2# 15 ± 2# 

Rotarod 

Latency 

(s) 

60 ± 5 

 

25 ± 4* 

 

45 ± 5# 

 

55 ± 4# 

 

48 ± 5# 

 

58 ± 4# 

 

 

Source: Field work, 2025 

p < 0.05 vs. control; # p < 0.05 vs. AlCl₃. 

 

3.2. Oxidative stress markers 

AlCl₃ significantly increased MDA levels and 

reduced SOD, CAT, and GSH activities, 

confirming oxidative stress-mediated 

neurotoxicity (Kumar & Gill, 2014). NLE and 

tocopherol significantly reversed these 
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alterations, with superior normalization observed 

in the high-dose NLE and combination groups.

 

 

Table 2. Cerebellar oxidative stress parameters 

Group Control AlCl₃ AlCl₃ + 

NLE 

200mg 

AlCl₃ + NLE 

400mg 

AlCl₃ + Toc AlCl₃ + 

NLE 200 + 

Toc 

MDA 

(nmol/mg) 

8.2 ± 0.8 18.5 ± 1.2* 12.3 ± 1.0# 9.5 ± 0.9# 11.0 ± 1.0# 8.8 ± 0.8# 

SOD 

(U/mg) 

12.5 ± 1.0 5.2 ± 0.5* 8.9 ± 0.8# 11.2 ± 0.9# 9.5 ± 0.7# 12.0 ± 1.0# 

CAT 

(U/mg) 

8.5 ± 0.7 3.8 ± 0.4* 6.2 ± 0.5# 7.8 ± 0.6# 6.5 ± 0.5# 8.2 ± 0.7# 

GSH 

(mg/g) 

9.2 ± 0.6 4.1 ± 0.3* 6.8 ± 0.5# 8.5 ± 0.6# 7.2 ± 0.5# 9.0 ± 0.6# 

 

Source: Field work, 2025 

p < 0.05 vs. control; # p < 0.05 vs. AlCl₃. 

 

3.3. Histological and immunohistochemical 

findings 

Cerebellar sections from AlCl₃-treated rats 

showed marked Purkinje cell degeneration, 

vacuolation, astrogliosis, and increased caspase-

3 expression. These changes were markedly 

attenuated by NLE and tocopherol, with the 

combination therapy demonstrating the most 

pronounced neuroprotection.
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Plate 1. Represents H&E-stained cerebellar sections (×400) which shows normal    cerebellum   with 

molecular layer (ML), granular layer (GL) and well outlined prymadial cell within the prymadial cell 

layer (PLC).) 

 

 

Plate 2: AlCl₃ (100mg/kg/day) induced without treatment (X400) shows degeneration and severe 

vacoulation and severe infilteration of   pyknotic   prymaidal cell    into the granular layer 
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Plate 3: Photomicrograph of group 3 section of cerebellum induced and treated with low dose extract of 

Newbouldia laevis (200mg/kgday) (X400/(H/E) which shows   mild healing with moderate vacoulation 

(V), moderate fatty change (FC) and   moderate   pyknotic (P) prymaidal cell      

 

 
 Plate 4: Photomicrograph of group 4 section of cerebellum induced and treated with high dose extract 

of Newbouldia laevis (400mg/kg/day) (X400/(H/E) showing moderate healing with mild vacoulation (V) 

and   mild    pyknotic (P) prymaidal cell. The granular cell outline is distinct.  
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Plate 5: Group 5 treated with AlCl₃ + tocopherol (100 mg/kg), X400H/E showing moderate regeneration 

with mild vacoulation (V) and   granular cell,  

 

4. DISCUSSION 

The present study demonstrates that AlCl₃ 

induces profound cerebellar oxidative damage, 

neuronal loss, and motor impairment, 

corroborating previous findings on aluminium 

neurotoxicity (Kumar et al., 2009; Ribes et al., 

2021). The neuroprotective efficacy of N. laevis 

leaf extract was comparable or superior to 

tocopherol, likely due to its rich phytochemical 

composition and multimodal mechanisms of 

action. 

Flavonoids such as apigenin and quercetin 

present in N. laevis have been shown to modulate 

oxidative stress, inhibit apoptosis, and suppress 

neuroinflammation (Oloyede et al., 2017; 

Azubuike et al., 2021). The enhanced protection 

observed in the combination group suggests a 

synergistic interaction between plant-derived 

antioxidants and vitamin E, resulting in 

improved redox homeostasis and neuronal 

survival. 

 

5. CONCLUSION 

Ethanolic leaf extract of Newbouldia laevis 

confers robust neuroprotection against AlCl₃-

induced cerebellar cortical damage in Wistar 

rats. Its efficacy is comparable or superior to 

tocopherol and is further enhanced when 

administered in combination. These findings 

support the therapeutic potential of N. laevis as a 

natural neuroprotective agent against 

aluminium-induced neurodegeneration. 
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